INTRODUCTION
Chlorophyll is a photosynthetic pigment and an essential component of the plant photosystem which located in chloroplast. Chloroplasts evolved through the integration of freeliving photosynthetic prokaryotic organisms into eukaryotic hosts, following an endosymbiotic relationship. However, the gene complement of these endosymbionts has since been redistributed between chloroplast and nucleus (MARTIN et al., 2002) .
Chlorophyll biosynthesis pathway has several intermediates. Glutamic acid is attached to a tRNA molecule and converted to 5-aminolevulinic acid (ALA). Two molecules of ALA are then condensed to form porphobilinogen (PBG), which ultimately form the pyrrole rings in chlorophyll. The next phase is the assembly of protoporphyrin IX from four molecules of PBG. Magnesium is inserted by magnesium chelatase into the center of the porphyrin. Then belong several steps chlorophyll is synthesis involved NADPH, light and enzymes such as chlorophyll synthetase (BEALE, 1999; REINBOTHE and REINBOTHE, 1996) . So numerous genes are involved in various aspects of chlorophyll accumulation, but existence of yellow leaf mutants in plants showed that there are key genes to control chlorophyll content.
Leaf color variation is one of the common visible morphological traits in higher plants, which is correlated with the chlorophyll content (RICHARDSON et al., 2002) , and the change in leaf color is usually caused by nuclear genes involved in chlorophyll metabolism (SUZUKI et al., 1997) . Studies on inheritance, mapping, and cloning of genes controlling leaf color in yellowleaf mutants have been conducted in several crops (DE JONG et al., 1998; HUDSON et al., 1993; NOTHNAGEL and STRAKA, 2003; RUNGE et al., 1995; WANG and ZHANG, 2008; WU et al., 2007) . ELSHAFEI et al. (2013) investigated leaf chlorophyll content, flag leaf senescence and cell membrane stability traits in wheat (Triticum aestivum L.) under water-stressed condition and introduced 5 SRAP markers for chlorophyll content locus with 10.4 to 22.7 CM distance in wheat. YUE et al. (2009) reported that segregation ratio of F2 population in sunflower fits in 3:1 and selected a TRAP marker for chlorophyll content locus with 4.2 cM distance. finded three SSR markers linked with single dominant gene (Gc) controls the trait of high chlorophyll content in rice with 0, 0.58 and 1.18 cM distance.
There are yellow -leaf types in air-cured tobacco containing mutant genes such as burley21. Inheritance and genetic control of leaf color in burley types is digenic and recessive (DAVIS and NIELSEN, 1999) . However, SALAJI (2000) transferred a novel mutant gene into burley types from oriental type and introduce some varieties called Urumieh. In this report genetical and morphological study of this gene was performed and RAPD markers were tested for linkage map.
MATERIALS AND METHODS

Population Development
Urumieh 2, low chlorophyll content (LCC) cultivar, has been crossed with Burley Ree 103, a high chlorophyll content (HCC) cultivar, in 2012 at the Tirtash Research and Education Center (Iran). The F1 was grown and selfed to produce F2 population. F2 plant and their progeny, F3 families, were used for genetic analysis in 2014. Two hundred of F2 plants were randomly tested by Yates-correction Chi-square for distribution of green and yellow leaf (3:1).
Chlorophyll Evaluation
Greenness degree, a parameter related to leaf chlorophyll content (RICHARDSON et al., 2002) , was measured for each plant with a hand-held chlorophyll meter (SPAD-502, Konica Minolta Sensing Inc.) as a mean in three location on the cutter leaf. At the flowering stage, five plants each from the two parents, five F1 plants, and five plants from the two groups of the F2 population (one group with green leaf and the other group with yellow leaf) were sampled for chlorophyll content measurement using a spectrophotometer with the following procedures.
Approximately 20 mg of cutter leaf tissue from each plant was sampled for chlorophyll extraction with 1 mL of 85% acetone in a micro test tube at 60 o C overnight. The extract was measured at wavelengths of both 645 and 663 nm with a Lambda EZ201 spectrophotometer (Perkin Elmer). Chlorophyll a, chlorophyll b, and total chlorophyll contents were calculated using MACKINNEY'S (1941) specific absorption coefficients as reported by CHORY et al. (1989) . chlorophyll a (mg/g)=12.72(A663)-2.59(A645)×V/1000×W chlorophyll b (mg/g)=22.88(A645)-4.68(A663)×V/1000×W total chlorophyll (mg/g)= chlorophyll a + chlorophyll b V= Final volume of chlorophyll extract in 85% acetone (ml) W= fresh weight of leaf (g) In addition, the ratios of chlorophyll a to chlorophyll b (chlorophyll a/b) were also calculated. Significant differences among the parents, F1 hybrids, and the yellow and green F2 plants were estimated by analysis of variance with the levels of 5% and 1%.
Genomic DNA Manipulation and RAPD primers
Total genomic DNA was isolated from about 100 mg (fresh weight) leaf tissue sampled from individual plants of the parental lines and the F2 population according to DELLAPORTA et al. (1983) . DNA concentration was determined with a Lambda EZ201 spectrophotometer (Perkin Elmer) and adjusted to approximately 10 ng/mL for PCR amplification.
Sixty random decamers were screened from Operon kits ( Table 1) for selection of RAPD markers linked with chlorophyll content gene. 
Bulked Segregant Analysis
The bulked segregant analysis strategy (MICHELMORE et al., 1991) was used for establishment of the linkage relationship between the phenotype and the polymorphic RAPD markers. Two bulked DNAs, LCC and HCC bulks (equal amounts of DNA from eight plants in each bulk), were established from F2 (non segregated F3). PCR was performed on parental DNAs, LCC and HCC bulks with RAPD primers and were tested in electrophoresis to screen polymorphic RAPD markers. Polymorphic markers between the two bulks were then confirmed by surveying in two groups of F2 individuals. Selected markers were run on 97 F2 plants for map construction. Genetic distances between linked markers (LOD>3.0) were calculated with the computer program Mapmaker/EXP3.0 (LANDER et al., 1987) using KOSAMBI'S (1944) 
Heredity of leaf color
The two parental lines displayed an obvious difference in leaf color, which can be easily assessed in field (Figure 1 ). All F1 hybrid plants expressed the green phenotype which indicated that yellow leaf color is recessive to green. There was two separate groups in F2 population as yellow and green leafed. In 200 plants of the F2 population, 158 were green leafed and 42 were yellow leafed. Yates-correction Chi-square test (YATES, 1934) confirmed the monogenic segregation ratio of 3:1 in significance level 5% (χ 2 =1.82).
Figure 1. Apearence of yellow leafed plants in F2 population
Relationship of leaf color and chlorophyll contents
Chlorophyll contents analysis revealed a significant difference in the contents of chlorophyll a, chlorophyll b, and total chlorophyll among the two parental lines and their progenies ( Table 2 ). The green-leafed parent, F1 and green-leafed F2 group had much more greenness degree, chlorophyll a, chlorophyll b and total chlorophyll than the yellow-leafed parent and yellow-leafed F2 group. However F1 were in intermediate green and yellow leafed plants in chlorophyll b. There was no significant difference in chlorophyll a/b. The contents of chlorophyll a, chlorophyll b and total chlorophyll in the yellow-leafed F2 group were reduced by 62.5%, 60.0%, and 61.9%, respectively, in comparison with those in the green-leafed progenies.
Regresion analysis showed that there was strong relationship between greenness degree and chlorophyll contents (R 2 > 0.97) but there was not any correlation between greenness degree and chlorophyll a/b (Figure 2 ). Therefore we can estimate chlorophyll a and chlorophyll b on greenness degree at 97% certainty and total chlorophyll at 98% certainty. Primer selection based on BSA Parental DNAs, LCC and HCC bulks were tested with 60 RAPD primers and 4 primers, showed polymorphism, (OPE17, OPC09, OPB08 and OPR02) were selected. Individual F2 groups test denied OPE17. Finally three primers OPC09, OPB08 and OPR02 were selected and were investigated on 97 genotypes randomly chosen F2 plants for map construction. (Figure 3) . Three bands 1050-bp, 1900-bp and 750-bp were linked to yellow leafed in repulsion phase from OPB08, OPC09 and OPR02 respectively. These markers appear in green leafed plants. DISCUSSION High chlorophyll content in tobacco leaf is one of the quality reduction factors in cured leaf. Because all leaf pigments should be disintegrated in curing and high chlorophyll content creates problem in this process (DAVIS and NIELSEN, 1999; TSO, 1991) . So one of the breeding strategy is decreasing of leaf chlorophyll content in order to precocity and improve the quality of cured leaf. Detection of chlorophyll deficiency genes and their utilization well be so useful.
There are many reports for identifying and mapping chlorophyll content genes in different crops (EFRATI et al., 2005; JIANG et al., 2012; LIU et al., 2007; WANG and ZHANG, 2008; YIN et al., 2010; YUE et al., 2009) . Though reports show that the genetic control of leaf color and chlorophyll content in the burley type of tobacco is digenic (DAVIS and NIELSEN, 1999) . However, our study indicated that the gene which transferred from the oriental type to burley is a new recessive gene controls the chlorophyll content. To map development of this gene it is necessary to production of NILs and using other markers such as SSR for fine detecting and chromosome finding.
Regression slop in chlorophyll a (0.033) was more than chlorophyll b (0.011) which showed that there was more diversity in chlorophyll a than chlorophyll b. But chlorophyll deficiency gene is not more effective in chlorophyll a than chlorophyll b. Because regression between greenness degree and chlorophyll a/b was not significant. Therefor content of chlorophyll a and b was changed in same ratio approximately (Figure 2) .
Since both the RAPD markers and green leafed trait are dominant, therefore repulsion phase between markers and chlorophyll deficiency gene can be useful. Because we can be assured that there is recessive gene and low chlorophyll content in the absence of the bands (there is not dominant gene). Izvod U radu su obavljena genetička i morfološka proučavanja novog gena sa deficitom hlorofila u listu duvana. Jedan varijetet (Urumieh 2) sa niskim sadržajem hlorofila (LCC) i jedan sa visokim sadržajem hlorofila (HCC), varijetet (Burley Ree 103), ukršteni su i F2 generacija je gajena u polju. Odabrano je 100 biljaka kod kojih je urađena ekstrakcija hlorofila. 60 RAPD prajmera je testirano na roditeljima, LCC i HCC, analizom grupnih uzoraka (BSA). Testom χ 2 je potvrđena monogenska segregacija. Regresiona analiza je pokazala veliku međuzavisnost nijanse zelene boje i sadržaja hlorofila. Četiri prajmera (OPE17, OPC09, OPB08 i OPR02) su pokazala polimorfizam i posle testa na 97 uzoraka iz F2 generacije odabrana su dva markera (OPB08-1050 i OPC09-1900). Kod njih je utvrđena udaljenost od 15.9 odnosno 10.8 CM kod hlorofilskih lokusa.
